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(54) Receiver for receiving Digital Audio Broadcast (DAB) programmes which have a plurality of 
protection levels 



(57) Protection level information is extracted from a 
DAB received signal, a reference value corresponding 
to extracted protection level information is decided, and 



then a state in which the DAB received signal has been 
received is determined in accordance with the reference 
value and the DAB received signal. 
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Description 

[0001 ] The present invention relates to a digital broad- 
cast receiver, and more particularly to a receiver for re- 
ceiving digital audio broadcasting (hereinafter called 
"DAB") which has been put into practical use in Europe. 
[0002] As a system for transmitting broadcast wave 
containing data signals which include digital audio sig- 
nals and which are formed into a predetermined format 
and receiving the same, DAB system conforming to Eu- 
rope Standard (Eureka 147) is known. The DAB incor- 
porates one ensemble which is composed of a plurality 
of services. Each service is composed of a plurality of 
components including English and German. 
[0003] Fig. 7 shows an example of services of the 
DAB system such that linking is illustrated which is es- 
tablished among services (three in this case) and com- 
ponents (six in this case) constituting an ensemble 1 and 
an OFDM signal actually transmitted from a DAB sta- 
tion. 

[0004] The OFDM signal which is transmitted from the 
DAB station includes FIC (Fast Information Channel) 
and MSC (Main Service Channel). 
[0005] Each of sub-channels (SubCh 0 to SubCh 63) 
for constituting the MSC corresponds to each compo- 
nent. The FIC contains information about services which 
can be used by the ensemble and information about the 
linkage among the services, components and sub-chan- 
nels. 

[0006] Therefore, in the DAB, when a certain ensem- 
ble has been received, information about a plurality of 
services and components included in the ensemble can 
be obtained. Thus, switch to another service or compo- 
nent can instantaneously be performed without a neces- 
sity of changing the receiving frequency. 
[0007] As one of methods of using a DAB receiver for 
receiving the foregoing broadcast, a service following 
function with respect to an FM station which presents 
the same program. The foregoing function will now be 
described. The DAB enables information about the FM 
station which broadcasts the program which is the same 
as that which is being broadcast to be contained in a 
variety of information data items contained in the FIC. 
Information above includes identification information 
and information about the frequency of the FM station 
which broadcasts the same program. 
[0008] Therefore, when the information items are ob- 
tained from the FIC obtainable from the DAB station 
which is being received to control the RDS receiver in 
accordance with the information item, tuning in to the 
FM station which is broadcasting the same program can 
easily be performed. 

[0009] Therefore, a state of reception of the DAB sta- 
tion which is being received and that of the tuned FM 
station are subjected to a comparison. If the state of re- 
ception of the DAB station deteriorates, the reproduction 
output is switched to the audio output of the FM station 
which is broadcasting the same station (that is, service 



follow is performed). Thus, a satisfactory reproduced 
sound can be maintained. 

[0010] On the other hand, the DAB is able to specify 
the bit rate of audio information for each sub-channel 

5 and the protection levels (1 to 5) of the transmission. 
[0011] The protection level indicates resistance 
against a transmission error (since the coding rate is 
raised as the figure is enlarged, redundancy is reduced 
and thus resistance against an error is lowered). The 

io coding rate is determined by performing convolution- 
coding and extracting (puncturing) a portion of coded 
signals in accordance with the protection level. Note that 
the DAB is regulated to have an average code rate of 
0.34 to 0.75, the average code rate being obtained from 

15 the bit rate of audio information and the protection level. 
Also the foregoing information item is transmitted 
through the FIC. 

[0012] A case will now be considered in which only a 
parameter, for example, an error rate, is used to deter- 
20 mine the state of reception of the DAB station without 
any consideration of the protection level of audio infor- 
mation. In the foregoing case, there arises a problem in 
that the annoyance of heard noise varies depending on 
the protection level if the error rate is the same. When 

25 a comparison is made between a program having a high 
protection level and that having a low protection level, 
the annoyance of heard noise in the program having the 
high protect bn level is impaired if the error rate is the 
same. As a result, the detecting accuracies ol the re- 

30 ceiving state disperse considerably. Therefore, there 
arises a problem in that the annoyance of heard noise 
realized when the service follow is switched varies de- 
pending on the protection level of the selected service. 
[0013] In view of the foregoing, an object of the 

35 present invention is to reflect the annoyance of heard 
noise on the reference value for use to evaluate a state 
of reception of a reproduced output. 
[0014] According to a first aspect of the present inven- 
tion, there is provided a digital broadcast receiver for 

40 receiving a digital audio broadcast which has a plurality 
of protection levels and which is able to vary a coding 
rate of a signal to be transmitted to correspond to each 
protection level and transmit at least protection level in- 
formation together with digital audio information, the dig- 

45 ftal broadcast receiver comprising: a structure that pro- 
tection level information is extracted from a received sig- 
nal, a reference value corresponding to extracted pro- 
tection level information is decided, and then a state of 
reception of the received signal is determined in accord- 

50 ance with the reference value and the received signal. 
[0015] According to a second aspect of the present 
invention, there is provided a digital broadcast receiver 
according to the first aspect of the invention, further 
comprising a table for making plural reference values 

55 and plural protection levels to correspond to one anoth- 
er, wherein one certain reference value is selected from 
the table in accordance with extracted protection level 
information. 
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[0016] According to a third aspect of the present, 
there is provided a digital broadcast receiver according 
to the first or second aspect of the invention, wherein 
the digital audio broadcast is able to furthermore trans- 
mit audio bit-rate information of digital audio informa- 
tion, audio bit-rate information is extracted from the re- 
ceived signal, and also extracted bit rate information is 
used to decide the reference value. 
[0017] According to a fourth aspect of the present in- 
vention, there is provided a digital broadcast receiver 
according to the third aspect of the invention, further 
comprising a table for making plural reference values, 
plural protection levels and plural audio bit-rate informa- 
tion items to correspond to one another, wherein one 
certain reference value is selected from the table in ac- 
cordance with extracted protection level information and 
audio bit- rate information. 

[001 8] According to a fifth aspect of the present inven- 
tion, there is provided a digital broadcast receiver com- 
prising: an FM receiving portion incorporating an RDS 
decoder; a DAB receiving portion; and a control unit for 
performing control such that an output of the receiving 
portion in a superior state of reception is selected as an 
output of the digital broadcast receiver in accordance 
with a state of reception of an FM signal received by the 
FM receiving portion and a DAB signal received by the 
DAB receiving portion, wherein the control unit incorpo- 
rates extracting means for extracting at least protection 
level information from the received DAB signal, and a 
state of reception of the DAB signal is determined in ac- 
cordance with extracted protection level information and 
the received DAB signal. 
[0019] In the drawings: - 

Fig. 1 is a block diagram showing a digital broadcast 
receiver incorporating an RDS receiving portion ac- 
cording to a first embodiment of the present inven- 
tion: 

Fig. 2 is a flow chart which is executed by a system 
control unit 1; 

Fig. 3 shows a table constituted in a storage portion 

5; 

Figs. 4A and 4B are diagrams for making a compar- 
ison between DAB data and RDS data; 
Fig. 5 is a block diagram showing a digital broadcast 
receiver according to a second embodiment of the 
present invention; 

Fig. 6 is a diagram showing a table constituted in 
the storage portion 5; and 

Fig. 7 is a diagram showing an example of a service 
of a DAB system. 

[0020] Now, a description will be given in more detail 
of preferred embodiments of the present invention with 
reference to the accompanying drawings. 



(First Embodiment) 

[0021] Embodiments of the present invention will now 
be described with reference to the drawings. Fig. 1 is a 

5 block diagram showing a digital broadcast receiver ac- 
cording to a first embodiment of the present invention 
and incorporating an RDS receiving portion. The receiv- 
er incorporates a DAB receiving portion for receiving a 
digital broadcast, an FM receiving portion for receiving 

10 an RDS broadcast, a system control unit 1 , a switching 
portion 2, an amplifier 3, a speaker unit 4 and a storage 
portion 5. 

[0022] The DAB receiving portion incorporates a 
DAB-FE (a front end for the DAB) 11 for tuning in to a 
*s DAB station; an A/D converter 12 for converting a re- 
ceived analog signal into a digital signal; an FFT (Fast 
Fourier Transformation) portion 1 3 for demodulating an 
OFDM wave; a difference demodulating portion 14 for 
demodulating difference modulation; a viterbi decoding 
portion 15 for correcting an error; and a musicam de- 
coder 1 6 for decoding compressed musical data to orig- 
inal audio data. Since the specific structure of each el- 
ement has been disclosed in a variety of document, de- 
tailed description is omitted here. The musicam decoder 
16 outputs, to the system control unit t , frame error in- 
formation about an error of an audio frame of received 
data. 

[0023] The FM receiving portion incorporates an FM- 
FE (a front end for the FM) 21 for tuning in to an FM 
station; an FM detector 22 for amplifying an intermedi- 
ate-frequency (IF) signal to detect a composite signal in 
the amplified signal; and an RDS decoder 23 for extract- 
ing an RDS signal from the composite signal to demod- 
ulate the RDS signal. Also the foregoing structure has 
been disclosed in a variety of documents. Therefore, 
they are omitted from description. Similarly to the DAB 
receiving portion, the FM receiving portion outputs, to 
the system control unit 1, block error information about 
a block error of received RDS data. 
[0024] The system control unit 1 controls the DAB re- 
ceiving portion and the FM receiving portion. Moreover, 
the system control unit 1 reads the foregoing FIC infor- 
mation item from the DAB receiving portion to store a 
variety of information data items contained in read data 
in the storage portion 5. Information to be stored in- 
cludes information about services which can be used by 
an ensemble, information about the linkage among the 
services, components and sub-channels and informa- 
tion (a Pi code, an Fl (frequency information ) list) about 
FM stations. The system control unit 1 enables the FM 
receiving portion to quickly detect a candidate of the 
service follow by outputting read PI code information 
and Fl list information to the FM-FE portion 21 and the 
RDS decoder 23. 

[0025] The system control unit 1 controls the switch- 
ing portion 2. Specifically, when a determination is made 
that a state of reception of the service which is being 
received by the DAB receiving portion is superior to that 
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of the service which is being received by the FM receiv- 
ing portion (or the states of reception are substantially 
the same), reproduced sound from the DAB receiving 
portion is selected and output. When a determination 
has been made that a state of reception of the service 
which is being received by the FM receiving portion is 
superior to that of the service which is being received 
by the DAB receiving portion, reproduced sound from 
the FM receiving portion is selected and output. The out- 
put reproduced sound is amplified by the amplifier 3 so 
as to be output from the speaker unit 4. The digital 
broadcast receiver has the above-mentioned schematic 
structure. 

[0026] The operation of the system control unit 1 ac- 
cording to the present invention will now be described. 
Fig. 2 is a flow chart of the operation of the system con- 
trol unit 1 in a service follow mode. Note that the tore- 
going flowchart is executed after input of an instruction 
to perform the service follow has been made by a user. 
At this time, the system control unit 1 determines wheth- 
er or not the DAB receiving portion has been tuned in to 
any one of the ensembles (step S1). 
[0027] When tuning in to any one of the ensembles 
has been detected, transmitted FIC data can be ob- 
tained. Therefore, the FIC data is decoded to extract in- 
formation about the foregoing protection level and infor- 
mation about the services which can be used by the en- 
semble, information indicating the linkage among the 
services, components and sub-channels, PI code infor- 
mation and Fl list information to store information in the 
storage portion 5 (step S2). 

[0028] In accordance with obtained information, a 
service required by the user is selected to output the 
service from the speaker unit 4 (step S3). 
[0029] After sound has been output, the system con- 
trol unit 1 calculates error ratio BER of each of the two 
receiving portions in accordance with error information 
supplied from the DAB receiving portion and the FM re- 
ceiving portion (step S4). A specific method of calculat- 
ing the error rate will be described later 
[0030] Then, the error ratio BER of the DAB signal cal- 
culated in step S4 is compared with a reference value 
(step S5). In accordance with information about the pro- 
tection level obtained and stored in step S2, a reference 
value for evaluating a state of reception of the selected 
sub-channel is selected from the corresponding table in 
the storage portion 5. 

[0031] An example of the table constituted in the stor- 
age portion 5 is shown in Fig. 3. The table is formed to 
correspond to the protection level PL Thus, a reference 
value corresponding to any one of protection levels t to 
5 which are regulated by the DAB and which can be se- 
lected can be obtained. 

[0032] If the protection level of the DAB signal which 
is being received is 1 , corresponding reference value 1 
is decided as the reference value for the comparison. 
[0033] Then, a comparison is made between the se- 
lected reference value and the calculated error ratio 



BER of the DAB signal. If a determination is made as a 
result of the comparison that the error ratio BER is small- 
er the reference value (step S5; small), the state of re- 
ception of the DAB station has not deteriorated There- 

s fore, the operation is returned to step S4 so that the error 
ratio BER is again calculated in accordance with sup- 
plied frame error information (step S4). The error ratio 
BER is compared with the reference value (step S5). 
Therefore, when a satisfactory state of reception is re- 

10 alized, the operation circulates in a loop composed of 
steps S4 and S5. 

[0034] If a determination is made as a result of the 
comparison between the selected reference value and 
the calculated error ratio BER that the calculated error 
is rate is larger than the reference value (step S5; large), 
the state of reception of the DAB station has deteriorat- 
ed. Therefore, the operation proceeds to step S6 so that 
whether or not service follow is permitted for the RDS 
station which is broadcasting the same program is de- 
termined. Specifically, whether or not the same program 
is being broadcast in the FM band (step S6) is deter- 
mined. Then, whether or not an FM-RDS station, the 
state of reception of which is superior to that of the DAB 
station, exists is determined (step S7). 
[0035] When a determination is made in step S7 that 
the service follow is permitted, the system control unit 
1 , in step S8, controls the switching portion 2 to repro- 
duce sound of the RDS station. 
[0036] If a determination is made in steps S6 and S7 
that an RDS station suitable for the service follow cannot 
be detected, the operation is returned to step S4 so that 
the supervisory of the states of reception of the two re- 
ceiving portions is continued. If the state of reception 
state of reception of the FM receiving portion has been 
improved, a determination is made in step S7 that the 
service follow is permitted. The system control unit 1 
controls the switching portion 2 to reproduce sound of 
the RDS station (step S8). 

[0037] The service follow operation is performed as 
described above. In the present invention, the state of 
reception of the DAB station is evaluated in step S5such 
that an optimum reference value for the evaluation is 
determined in accordance with information about the 
protection level of the DAB signal which is being re- 
ceived. In accordance with the reference value and the 
received DAB signal, the state of reception is deter- 
mined. Therefore, the annoyance of heard noise and a 
result of the determination can always be made coincide 
with each other. 

[0038] The process for calculating the error rate in 
step S4 will now be described. In the present invention, 
as a parameter for evaluating the states of reception of 
the DAB signal and the FM signal, error information 
which is detected by each receiving portion is employed. 
Specifically, the state of reception of the FM signal which 
is being received by the FM receiving portion is evalu- 
ated in accordance with the block error rate of received 
RDS data. The state of reception of the DAB signal 
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which is being receu.- : t y tno DAB receiving portion is 
evaluated in accord. -n wim ho !»h no error rate of mu- 
sicam data which conMriutcs the sub-crvmnel. The fore- 
going structure is crrpicycd on ihc basis of the following 
facts. 

[0039] Figs. 4 A nod -IB arc diagrams showing RDS 
data and audio data which is transmitted by the DAB. 
Fig. 4A shows the structure of audio data for use in DAB, 
while Fig. 4B shows the structure of RDS data. 
[0040] It is a known Uct that one group of RDS data 
is composed of four data blocks composed of offsets A 
to D. Existence of an error can be detected in each 
block. One block has a si/c of 22 ms. 
[0041] DAB audio data is based on MPEG1 layer 2. 
One frame has a size of 24 ms In addition to data of 
each sub-band, information items including the DAB 
header, bit allocation inlormation and ScFSI are dis- 
posed from the leading end of DAB audio data. Moreo- 
ver, one frame of DAB audio digital audio contains CRC 
for delecting an error of each of the DAB header, bit al- 
location information and ScFSI and CRC for detecting 
an error of a scale factor. Therefore, the CRC enables 
existence of an error to be detected in frame (hereinafter 
called a "block" similarly to that of RDS data) units. 
[0042] The applicant of the present invention has paid 
attention to the fact that the length of one block is the 
same between the two methods Thus, the block error 
ratio BER is employed to determine the state of recep- 
tion of the received DAB signal. On the other hand, the 
block error rate of RDS digital audio is employed to de- 
termine the state of reception of the received FM signal. 
[0043] The reason for this will now be described. 
When the numbers of blocks, which are the denomina- 
tors of the block error ratios, are made to be substantially 
the same, an error of the data groups with which each 
determination has been made and which occurs as time 
elapses can be reduced to about 10 % between the two 
method. Therefore, the states of reception can be de- 
termined under very close conditions. 
[0044] The block error rate and the annoyance of 
heard noise of RDS data has a proportional relationship. 
Therefore, the block error rate of RDS data and the state 
of reception of FM sound can be made accurately cor- 
respond to each other. 

[0045] Therefore, use of the block error rate enables 
the evaluation of the two receiving portions which em- 
ploy the different transmission methods to be performed 
under very close conditions. 

(Second Embodiment) 

[0046] The first embodiment has the structure that the 
block error rates are compared with each other to sat- 
isfactorily perform the service follow. In the second em- 
bodiment, an estimated error rate with which an error is 
estimated in accordance with input/output data of a vi- 
terbi decoder is employed as a means for detecting the 
state of reception of the DAB station. 



[0047] Fig. 5 is a block diagram showing a digital 
broadcast receiver adapted to the foregoing method. 
Note that similar portions to those shown in Fig. 1 are 
given the same reference numerals and the similar por- 

5 tions are omitted from description. 

[0048] The difference from the digital broadcast re- 
ceiver shown in Fig. 1 lies in a receding portion 17 pro- 
vided for the purpose of detecting the state of reception 
of the DAB station. An output of the viterbi decoder 15 

10 serving as an error correction means is, in the recoding 
portion 17, again subjected to the convolution-coding 
process and the punctured process, and then output to 
a system control unit 31 . 

[0049] The system control unit 31 makes coincide the 
*5 positions of data items subjected to the comparison with 
each other by delaying a signal supplied from the viterbi 
decoder 15 for a predetermined time. Then, the system 
control unit 31 subjects delayed data supplied from the 
viterbi decoder 15 and recoded data to a comparison to 
detect a bit error of the received DAB signal. 
[0050] Then, the detected number of errors is divided 
by the number of all samples so that an error ratio of the 
received DAB signal is estimated. Then, an optimum ref- 
erence value is determined in accordance with protec- 
tion level information of the received DAB signal. In ac- 
cordance with the reference value and the calculated 
error rate, the state of reception of the received DAB 
signal is determined. 

[0051] In accordance with the evaluated state of re- 
ception, the system control unit 31 controls an attenua- 
tor 32. Specifically, an amount of attenuation is enlarged 
as the deterioration of the state of reception to vary the 
output of the speaker unit 4. 

[0052] Also the second embodiment is able to evalu- 
ate the state of reception by using evaluation criteria 
which correspond to the protection level of the reference 
value DAB signal. 

(Other Embodiments) 

[0053] In the foregoing embodiments, attention has 
been paid to protection level information transmitted to- 
gether with audio information. The structure is not limit- 
ed to this. Audio bit rate information of audio data which 
constitutes the sub-channel may be used to make a sim- 
ilar table to determine an optimum reference value in 
accordance with audio bit rate information of the sub- 
channel which is being selected. That is, the DAB em- 
ploys MUSICAM as a means for compressing audio da- 
ta. Since the audio bit rate can be varied from 32 kbit/s 
to 384 kbit/s, audio bit rate information is extracted from 
the received DAB signal so as to be used when an op- 
timum reference value is determined. The two methods 
may be combined with each other to determine the op- 
timum reference value in accordance with protection 
level information and audio bit rate informatbn. 
[0054] An example of a table made in the foregoing 
case is shown in Fig. 6. Referring to Fig. 6, symbols PL 
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and BR indicate a protection level and an audio bit rate, 
respectively. If protection level information and audio bit 
rate information can be extracted from the received sig- 4. 
nal, one reference value can be determined by using the 
foregoing table. If the protection level is 1 and the audio 5 
bit rate is 32 kbit/s, a reference value of 1 . 1 is decided. 
[0055] As an alternative to the block error rate of DAB 
data according to the first embodiment, the estimated 
error rate according to the second embodiment may be 
used to determine the state of reception of DAB data. 10 
As an alternative to the block error rate of RDS data ac- 
cording to the first embodiment, the intensity of the elec- 5. 
trie field of the received signal may be used to determine 
the state of reception of the RDS station. 
[0056] As was described above, according to the is 
present invention, protection level information is extract- 
ed from a received signal, a reference value corre- 
sponding to extracted protectbn level information is de- 
cided, and then a state in which the received signal has 
been received is determined in accordance with the ret- 20 
erence value and the received signal. Therefore, the 
state of reception can be evaluated by using evaluation 
criteria corresponding to the protection levels of the re- 
ceived signal. 



Claims 

1. A digital broadcast receiver for receiving a digital 
audio broadcast which has a plurality of protection 30 
levels and which is able to vary a coding rate of a 
signal to be transmitted to correspond to each pro- 
tection level and transmit at least protection level 
information together with digital audio information, 
said digital broadcast receiver comprising: 35 

means for extracting protection level informa- 
tion from a received signal; 
means for deciding a reference value corre- 
sponding to extracted protection level informa- 40 
tion; and 

means for determining a state of reception of 
the received signal according to the reference 
value and the received signal. 

45 

2. A digital broadcast receiver according to claim 1, 
further comprising a table for making plural refer- 
ence values and plural protection levels to corre- 
spond to one another, and means for selecting one 
certain reference value from said table according to so 
extracted protection level information. 

3. A digital broadcast receiver according to claim 1 or 
2, wherein the digital audio broadcast is able to fur- 
thermore transmit audio bit-rate information of dig- ss 
ital audio information, audio bit-rate information is 
extracted from the received signal by said extract- 
ing means, and also extracted bit rate information 



is used to decide the reference value. 

A digital broadcast receiver according to claim 3, 
further comprising a table for making plural refer- 
ence values, plural protection levels and plural au- 
dio bit-rate information items to correspond to one 
another, and means for selecting one certain refer- 
ence value from said table according to the extract- 
ed protection level information and audio bit-rate in- 
formation. 

A digital broadcast receiver comprising: 

an FM receiving portion incorporating an RDS 
decoder; 

a DAB receiving portion; and 
a control unit for performing control such that 
an output of the receiving portion in a superior 
state of reception is selected as an output of 
said digital broadcast receiver in accordance 
with a state of reception of an FM signal re- 
ceived by said FM receiving portion and a DAB 
signal received by said DAB receiving portion; 
wherein said control unit incorporates extract- 
ing means for extracting at least protection lev- 
el information from the received DAB signal; 
and 

wherein a state of reception of the DAB signal 
is determined according to extracted protection 
level information and the received DAB signal. 
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